A Gram-negative, rod-shaped, pale-orange-pigmented bacterial strain with xylan-degrading activity designated YC7004
and its taxonomic position was investigated by using a polyphasic approach. The strain grew optimally on R2A medium at 30 6C and at pH 6. The major isoprenoid quinone was MK7 and major fatty acids were summed feature 3, iso-C 15 : 0 , C 16 : 0 , iso-C 17 : 0 3-OH, iso-C 17 : 1 v9c and C 16 : 1 v5c. The G+C content of the genomic DNA was 40.0 mol%. Phylogenetic analysis based on the 16S rRNA gene sequences showed that the strain belongs to the genus Mucilaginibacter in the family Sphingobacteriaceae. The most closely related species were Mucilaginibacter daejeonensis (95.5 %), Mucilaginibacter frigoritolerans (94.6 %) and Mucilaginibacter mallensis (94.0 %). Based on the phylogenetic and chemotaxonomic data analyses, strain YC7004 T represents a novel species of the genus Mucilaginibacter with the proposed name of Mucilaginibacter jinjuensis sp. nov. The type strain is YC7004 T (5KACC 16571 T 5NBRC 108856 T ).
The genus Mucilaginibacter was first proposed by Pankratov et al. (2007) for two novel species Mucilaginibacter paludis and Mucilaginibacter gracilis with xylan-and laminarin-degrading activities as members of the family Sphingobacteriaceae, isolated from acidic Sphagnum peat bog and presently has 21 species, with M. paludis as the type species. Most of these species including Mucilaginibacter rigui (Baik et al., 2010) , M. gossypii and M. gossypiicola (Madhaiyan et al., 2010) , M. frigoritolerans, M. lappiensis and M. mallensis (Männistö et al., 2010) , M. myungsuensis (Joung & Joh, 2011) , M. composti (Cui et al., 2011) , M. boryungensis (Kang et al., 2011) , M. angelicae , M. lutimaris , M. soli (Jiang et al., 2012) and M. litoreus have been reported recently. Members of the genus have been known to hydrolyse organic matter such as xylan, pectin and laminarin, and produce extracellular polymeric substances (Pankratov et al., 2007; Madhaiyan et al., 2010; Han et al., 2012) . In the present study, a xylan-degrading strain designated YC7004 T was isolated from a piece of rotten wood, collected at the campus of Gyeongsang National University, Jinju, Korea. The piece of rotten wood, after removal of attached soil, was washed in running tap water and surfacesterilized with 1 % NaOCl for 3 min and was ground into small particles using a grinder. A 1 g sample of the ground wood was dispersed in 100 ml sterile distilled water and treated with an ultrasonic homogenizer (Bandelin Electronic) at an amplitude of 15 % power with 5 s on/ off pulse for 20 s in a 1.5 ml polypropylene microcentrifuge tube in an ice box prior to serial dilution (10
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- 10 27 ) (Janssen et al., 2002 ). An aliquot of 200 ml from each dilution was spread on R2A (MBcell) plates. After 5 days of incubation at 30 u C, bacterial colonies that appeared on the R2A plates were streaked on fresh R2A plates to obtain pure cultures. One of these bacterial strains, YC7004 T , was isolated and cultured on R2A at 30 u C for further tests. Cell morphology and size of the strain were observed under a scanning electron microscope (SEM) (JSM-6380LV; JEOL) using cells from a 2 day-old culture at 30 u C in R2A broth. For Gram staining, a Gram staining kit (BD) was used. Catalase and oxidase activities for YC7004
T were investigated according to the method described by Cappuccino & Sherman (2002) . To determine NaCl tolerance, the strain was inoculated in R2A broth containing 0, 0.5, 1, 1.5, 2, 2.5 and 3 % (w/v) NaCl. The temperature range for growth was determined by incubating the strain on R2A plates at 4, 10, 15, 20, 25, 30, 35 and 40 u C. The optimal pH for growth was determined by inoculating the strain in R2A broth with pH ranges from 3 to 10 at intervals of 0.5 units. The presence of flexirubin-type pigments in the strain was studied using the bathochromic shift test with 20 % KOH (Bernardet et al., 2002) . Growth under anaerobic conditions was checked by incubating the strain for 10 days at 30 u C in anaerobic gas pack jars containing an atmosphere of CO 2 (Gas-Pak System; Becton Dickinson) using R2A and R2A supplemented with sodium thioglycolate (0.1 % w/v) as growth media. The ability of strain YC7004
T to grow on other media was tested by using MacConkey agar, nutrient agar, Luria-Bertani (LB) agar and tryptic soy agar (TSA). CM-cellulose and xylan hydrolysis was investigated by the Congo red overlay method as reported previously (Ruijssenaars & Hartmans, 2001) . The strain was plated on R2A medium supplemented with 1 % (w/v) CMcellulose or xylan and incubated at 30 u C for 3 days. After incubation the plates were flooded with an aqueous solution of Congo red (1 g l
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) and left for 15 min. The Congo red solution was poured off and 1 M NaCl solution was added to the plates. The plates were then washed with several changes of demineralized water to observe the degradation zones around the colonies. For further physiological characterization, the API ZYM (bioMerieux), Biolog GN2 microplate and API 20 NE (bioMerieux) test strips were used. The strain's susceptibility to different antibiotics was checked by the disc diffusion assay as described previously (Yasir et al., 2010) .
For cellular fatty acids analysis, YC7004
T and reference strains Mucilaginibacter daejeonensis, M. frigoritolerans and M. mallensis were grown on R2A media at 25 u C for 48 h. Cells biomasses from all strains, having the same physiological age, were used for cellular fatty acid extraction. Fatty acids were extracted according to the standard protocol and analysed by GC (Hewlett Packard 6890). The fatty acids were identified by using the Microbial Identification software package (Microbial ID). Isoprenoid quinone was extracted from YC7004
T and analysed using HPLC (model LC-20A, Shimadzu) with a diode array detector (SPD-M20A, Shimadzu) and reversed-phase column (25064.6 mm, Kromasil, Akzo Nobel) as described by Komagata & Suzuki (1987) . For the G+C content measurement, the genomic DNA of the strain YC7004
T was extracted and purified according to the method described by Ausubel et al. (1995) . The G+C content was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green 1 and a RT-PCR thermocycler (Bio-Rad).
The chromosomal DNA of the strain was extracted using a Qiagen kit (Intron Biotech) and the 16S rRNA gene was amplified with the universal primer set 27F and 1492R as described previously (Bibi et al., 2012) . The resultant PCR product was cloned into TOPO TA vector (Invitrogen) and sequenced by GenoTech. The sequence was compiled using SeqMan software (DNASTAR). The 16S rRNA sequences of the related taxa were obtained from the GenBank database and multiple alignments were performed by the CLUSTAL_X program (Thompson et al., 1997) . Gaps were edited by using the BioEdit program (Hall, 1999) . The phylogenetic tree was constructed in the MEGA4 program by the neighbour-joining method (Saitou & Nei, 1987) with bootstrap values based on 1000 replications (Tamura et al., 2007) . A nearly complete 16S rRNA gene, comprising a continuous stretch of 1482 nt, was sequenced. Phylogenetic analysis of the 16S rRNA gene sequence showed that strain YC7004
T is closely related to members of the genus Mucilaginibacter in the family Sphingobacteriaceae. The most closely related strains to YC7004
T in the genus Mucilaginibacter were M. daejeonensis (95.5 %), M. frigoritolerans (94.6 %) and M. mallensis (94.0 %). In the phylogenetic tree, based on the neighbour-joining algorithm, the strain clustered with members of the genus Mucilaginibacter, most closely with M. daejeonensis (Fig. 1) .
Cells of strain YC7004
T were rod shaped, Gram-negative, non-motile, non-spore-forming, catalase-positive and oxidase-positive. The strain is facultatively anaerobic. The cell size of the strain was approximately 1.3 mm in length and 0.35 mm in diameter (Fig. S1 , available in IJSEM online). The strain grew well on R2A and nutrient agar, but did not grow on MacConkey agar. Colonies on R2A plates were circular, convex, smooth and pale orange in appearance. The temperature and pH range for growth were determined to be 4-35 u C and pH 4-8.5 with optima at 30 u C and pH 6, respectively. The strain showed optimal growth on media without NaCl and weak growth on media with 0.5-1 % (w/v) NaCl, but did not grow on media containing ¢1 % (w/v) NaCl. The strain hydrolysed xylan efficiently and slightly hydrolysed CM-cellulose. Other physiological characteristics and comparisons of the strain with related species are listed in the species description and Table 1.
The major cellular fatty acids of YC7004 T were comprised of summed feature 3 (34.9 %), iso-C 15 : 0 (20.7 %), C 16 : 0 (7.1 %), iso-C 17 : 0 3-OH (6.0 %), iso-C 17 : 1 v9c (4.8 %) and C 16 : 1 v5c (3.9 %). The major cellular fatty acid profile of YC7004
T was similar to those of the three closely related members of the genus Mucilaginibacter, but was different from them in terms of contents (Table 2 ). MK7 was detected as the major isoprenoid quinone in YC7004
T . The G+C content of the genomic DNA of YC7004 T was 40.0±0.7 mol%.
The sequence similarity of the 16S rRNA gene, phylogenetic analysis, cellular fatty acids and isoprenoid quinone clearly show that strain YC7004 T belongs to the genus Mucilaginibacter. Differences in phenotypic characteristics between YC7004
T and the reference strains distinguish it from other species of the genus ( Table 1 ). The flexirubintype pigments are pale orange in YC7004 T , which is different from other closely related type strains. In comparison with related type strains, YC7004
T is negative for oxidation of a-cyclodextrin, but positive for oxidation of raffinose, pyruvic acid methyl ester, D-gluconic acid, Dglucosaminic acid, uridine, a-ketovaleric acid, D,L-lactic acid, L-alaninamide, D-alanine, L-alanine and L-alanylglycine. The phylogenetic tree and differential phenotypic characteristics distinguish YC7004
T as a member of a novel species of the genus Mucilaginibacter, for which the name Mucilaginibacter jinjuensis YC7004 T sp. nov. is proposed.
Description of Mucilaginibacter jinjuensis sp. nov.
Mucilaginibacter jinjuensis (jin.ju.en9sis. N.L. adj. jinjuensis referring to the Jinju area of Korea, the geographical location where the type strain was collected).
Cells are Gram-negative, facultatively anaerobic, rod shaped and are approximately 0.35-0.4261.24-1.37 mm. Colonies on R2A plates are circular, convex, smooth and pale-orange in appearance. The pH range for growth is between 4 and 8.5, with an optimum of 6. Growth occurs at 4-35 u C (optimal temperature, 30 u C). Growth occurs on R2A containing 0.1-1 % NaCl (w/v), and is optimal in the absence of NaCl, but there is no growth on R2A with ¢1 % NaCl. Grows under both aerobic and anaerobic conditions. Grows on R2A and nutrient agar, but does not grow on MacConkey and LB agar. The strain is resistant to 10 mg vancomycin, 30 mg kanamycin, 10 mg gentamicin and 10 mg penicillin, but susceptible to 10 mg of each rifampicin, streptomycin, tetracycline and 30 mg chloramphenicol. (All antibiotics were given in 50 ml; 10 mg was taken from a 200 mg ml 21 solution and 30 mg was from a 600 mg ml 
Mucilaginibacter lappiensis ANJLI2 T (DQ234446)
Mucilaginibacter dorajii DR-f4 T (GU139697)
Mucilaginibacter polysacchareus DRP28 T (HM748604)
Mucilaginibacter litoreus BR-18 T (JF999998)
Mucilaginibacter rigui WPCB133 T (EU747841)

Mucilaginibacter lutimaris BR-3 T (HQ455786)
Mucilaginibacter angelicae GG-w14 T (HM627214)
Mucilaginibacter oryzae B9 T (EU109722)
Mucilaginibacter gossypii Gh-67 T (EU672804)
Mucilaginibacter kameinonensis SCK T (AB330392)
Mucilaginibacter gossypiicola Gh-48 T (EU672805)
Mucilaginibacter boryungensis BDR-9 T (HM061614)
Mucilaginibacter myungsuensis HMD1056 T (GQ144415)
Mucilaginibacter ximonensis XM-003 T (EU729366)
Mucilaginibacter paludis TPT56 T (AM490402)
Mucilaginibacter gracilis TPT18 T (AM490403)
Mucilaginibacter frigoritolerans FT22 T (FN400860)
Mucilaginibacter mallensis MP1X4 T (FN400859)
Mucilaginibacter jinjuensis YC7004 T (JQ765855)
Pedobacter oryzae N7 T (EU109726)
Mucilaginibacter daejeonensis Jip 10 T (AB267717)
Pedobacter composti TR6-06 T (AB267720)
Pedobacter soli 15-51 T (AM279215)
Pedobacter daechungensis Dae 13 T (AB267722)
Pedobacter lentus DS-40 T (EF446146)
Sphingobacterium anhuiense CW 186 T (EU364817) . All data were obtained from this study. All strains are positive for hydrolysis of aesculin and negative for indole production and gelatin hydrolysis. According to the API 20NE and GN2 microplate assays, all strains assimilate, N-acetyl-D-glucosamine, a-D-glucose, maltose, gentiobiose and turanose, but do not assimilate N-acetyl-D-galactosamine, adonitol, L-arabinose, D-arabitol, myo-inositol, D-manitol, L-rhamnose, D-sorbitol, ahydroxybutyric acid, c-hydroxybutyric acid, p-hydroxyphenylacetic acid, itaconic acid, a-ketobutyric acid, a-ketoglutaric acid, malonic acid, propionic acid, quinic acid, D-saccharic acid, sebacic acid, succinic acid, succinamic acid, glucuronamide, acetic acid, L-aspartic acid, glycyl-Laspartic acid, L-asparagine, L-histidine, L-leucine, D-serine, Tween 40 and Tween 80. According to the API ZYM test strips, all strains show positive activities for alkaline phosphatase, leucine arylamidase, acid phosphatase and N-acetyl-b-glucosaminidase, but are negative for trypsin and achymotrypsin. +, Growth; 2, no growth; W, weak growth; ND, not detected. D-glucose-6-phosphate, D-glucuronic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, c-hydroxybutyric acid, p-hydroxyphenylacetic acid, itaconic acid, a-ketobutyric acid, aketoglutaric acid, malonic acid, propionic acid, quinic acid,
threonine and DL-carnitine and c-aminobutyric acid. The major respiratory quinone is MK-7 and the major fatty acids are summed feature 3 (34.9 %), iso-C 15 : 0 (20.7 %), C 16 : 0 (7.1 %), iso-C 17 : 0 3-OH (6.0 %), iso-C 17 : 1 v9c (4.8 %) and C 16 : 1 v5c (3.9 %).
The type strain, YC7004 T (5KACC 16571 T 5NBRC 108856 T ), was isolated from a piece of rotten wood collected at Jinju, Korea. The DNA G+C content is 40.0 mol%. 
